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(MSB) ai^O^*^* &tlfett*»« LTHE^-y 
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3 . JElc> WIS S/ ^ TfA^««m^4 < it>2 

4. niB3T«fltft«<„ ^rwwsnfc 



o no n as* that** est* « a* «j t *m^*»g&-r 

ftJ:0 t>f -s fcfi< «i^Tl^#<rtt-PAS, » Jft © IB 

5. sic m&'pu < <t t> 2fl<o**«*ie^ 

~eD7 s iS?JH$l<om±VLVy h (MSB) tO^«>^»^n 

ffiBemH^f* 9 /U*t©«T«fc f y h {LSB) Of* 

±ttfyh (MSB) o^as** &nfc» tfiir«H»-<0r f 
^^^tto*±ttt'y h (MSB) CDf*>^* t>4r/t«i 



B*E# — © 5? ^ ;U*t©*J:{ft fcf v h CMS B) © ^ 

Si^^nfctttaiRL, ^fc^fciriE^-^tf^ig©** 

0T« ft) A 6* * fc*>©^&, 

* r «r + * n © ♦> > ■* * y ir o 

7. SK, fWESS-©^ ^ 9 Jl&<D'J>tt < £ 1 tr * h 
*^fflmt::&**-<ttc£oTtib*f&^*&^*.£,fctf>© 

8. SffC figE#-©«#*8t*-*-* *> © # & 1fl 

E*-©*#*tt**-afc«»©#&©rt©<j>tt< tfc-o 

©P , i#©rtS*S.lttE'? , y* t'JR*** C **:a&©^g**^ 
*ltuiett*©i&ffl** 6 Jfilc*2lfc©#**N© •> v-tr^-Y if . 

9. *r£&*«a<> tttt££«ic ± xt*** n*#*© 

ffi t ©ft «C J; -> T&m 3 tli W 

*^Ti»*£ns*m»^jafc»©i«©is«»i&<. ai^re 
^ ic * # s * v r x fg ^ s n © •>>*<*• * 

a^?^ f?reoiffii»»©^e*<^#^fiifc**> «*© 
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»n© ^{±«5^wie<58©tb^o^«&«* 

^*££L, »*te^£JfcRbTmBE»lffii£fi»©l§gfctt 

^ * as m-r * * «> © , 

»©#&, 

tt*L*o6fctf *fc26©¥R^£a±ttf,, h (MSB) 

ai:*©*rtft**tt*tt ***>©#». 

1 1. Efc, Hgi5»-©-r r ^^;Utt©il><C <iUf* 

12. «ff«d««fis©ffl*«^a««* r»«ia 

Vfl^iltKL, ffiEWBEtf®«SS©«ar#*J® * 

^feN©->>-bt>"'f-«r*m^/t:ft^->>-fri/x^F?*r*-. 



1 ©-t** 5ft 2©£0tf * h 

— <!>T*y*Jl'tt©ft±tt£* h CMSB) ©^«*ft©£*t 
*:»©#-©»#*«-* L. *f H©£« b* ? h*ft«*-* 

fiJrj£»H©^^^^«©«Tfflf7 h (L S B) ©^F*6 
6 tifttt©»-«^s RtflwE* = ©-r * * ;u»©* 
Jz&tfry h (MSB) © T * » © £ *1 * » <t 115 E » — © * 
y * ^&©*_ttt tf y h (MSB) ©f*»«i^A:a4 
©£*1-**t*L, flEW-©-?^ y * ^tt*£RS;-*-* fcrt 

©a». 

B?iE3»^©T ! ^^-rt'»©«±ffit*rr h (MSB) ©T* 

13. JEK. WIBW-Ofy */l<l*©4>* < £ 1 If* 

V» ^JK»*Rfi»-r*»*©«ffi* 1 2«KEtt©^i* 0 

14. *Sa^<fc»l*©«iE«#**5£-#- S 4l^8(S 
«rK*cRfllt-*»3ft©«ifflSft 1 2«»c|H«©^tea 

i 5. set, ^ge«t&*<. »fti»«cj:^T»)i*n 



is. jeic. fflE^^»«t©^eir rmE*fp<t^ 
«iaiawtt©fti5<») ft©«»e«fc y> ti«©a«tt©i53 »< 

*rs2in-©«$**fftw-r « as?sc;wEW- ©a^tit- 

39: f s fca&©ar»©4>tt < it— oiri5^r^5&t-^ hi 

t -csie * n« »-© t» y ^ ^»©^a <i^ifc-^h© 
©^^©^©ittticBtjfs^^^ii^-rigtffi, 



*n n m 

* ft« mm * r * *> 9 n cd £a* 

ttfco * ;l,-7- (PLL) Sfc#&Jifctt. fltttt»r& 

ft^^ni. tt4B*tftBi**itttfca«i3 M>ra 
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< & £ 5 i:n«dne. 

»»(±s *ffl#g*a*4. 8 1 6. 7 7 4f<:Jt^«tC«i: 
**1»X.IC V C Otfi*J <C 7* o 7 5 AWtt* 



tttiJS C*) 1 0 5-*<om^J*W-r*5S^lc^a Art 
Dfittflttft^nS 10 3 fc*S£#ns to7JfI^*39*fc-r *o 

sst. a-77y^?i 0 9i=. *rcvcodi^«^*CQ: 



4. 7 6 8, 8 0 2 ^ICT Z g » « ffi T J; 5 

»giicfc&nfc*3i-e(±a*©an** 1 1 3. (itttsi 

*<e * & tc ) ttijts i i 3 iz * y * 
^#=?3j§3*g3flnirsffn-2iD#s9 i i 3 txt&m i i 5 *> 
h aa*j* *i»f?^ 7 ^ — k 

/<7^ll 1 7 1 1 Ui. 

*j*A>mi i -3 — o oq atji=P»i $ n So 7 s s**;u 
851 1 1 ©£#am(i8t#<Btttt*«l#*-* C ^ S^P 

t r *> So ft) *«3 1 1 3 I*, S*Hftftkft^ f r OA^fi 
S*^H--r*« *H^« : iR 4. 8 1 6. 7 7 4 ^C*-c^ 



1 1 30rt8i^a*ax.5'ibtf, *r iJ-Hj^ua 
( t rue) tz* v h S *U *>oJH]J*S<3rt$li#:c!>£i$l 

So fc® 1 3 *S«D«^^*^^oj«tcflnjs« 1 i 3 

#2H<3Z£»Enc7**iT,S<zm > #S<ftSlP3&4, 7 5 
»33 Zg£S8W©r i>*;HB 1 1 1' ffl) 

DO = ( 1 / Z > D I + Q (1 -1/Z) 

S e>tf##*#i;T) t&tfl/Z 7o^^2 

03, 2 o 5 ii J; ^ r « * n* * *vmB?o*n3»»ortS^ 
b«fe?n5o tt»t5:^li, 2 0 7 Tftsa* n^a^p 
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fin*2S 2 0 7 * £ <D ma f± 20 11:7^ - K'< «y ? 

B (z) = B ( z ) 1 / z + A { z ) * tt 
B (z) = A (2) / Cl-l/i) 

dL tf57^/ 5= - ? = B (z) + Q 

A (z) =A^r-r-^-B (z) - Q 
cntttALTB Cz) 

B (z) =A^}f-V ( 2 - 1 / z ) 
— Q / C2-l/z) 

m7Jr-^=A73f-^/ (2-1/z) 

+ Q Cl-l/O / (2-1/z) 

iCt* C C-efi5&**«S«fc c £ *< ? # 3, 



So )• 

Mag. (Ui7jT ! -*/A;*rf s - * ) 

«l/(5-4cos (Pit v)) 1/2 
Mas. (m^Jf-VQ) » ((2-2co5 
(PM v))/(5-4cos (PI* v))} 1/2 

*> < trying 2 0 1 ^od^- ? nt>-rfrtz&i&m&'7 

A>£T£"C<D>ft#£'fifc^S"$*<5 C £ ri* rT fl6 T & «5 0 
S*>^7^^-Cli^ a -;L,* 7 Ii20db/de 

cad e-?fc* 0 X>< LT3*©fc#tt. + #tt«l^8IEE 

icf? L±f/* /ii*<c& < l**U* <i £«t ( ;* h Vti 
«*tttt#tt<o 7 < *zfr\t * ^ t * 



*S*fc7##N©->>-trif^*(*. *S4*tt#4. 2 0 
4, 1 7 4 ftl»}*$nri>5 0 £ fc — WliS? 1 H<QJ$1 — 
t^;HB1 1 l*ft£S&***3iSI<Z>7'u*?Bfcjj** 

2fgo»?i3?>xf i Afc*,i»r. 3P-©#»s 301© 

f*J§fi5&-©*«&3 0 3 ~»V> t - 9 XtHZtl Z 0 mz.<D 

3 0 5i:WfiD^*i, L-CSS$9#^ 3 0 5 lw X U * 

+ * y - T •> h Sfc»lc«^ffli3rS3 0 7lc 

fe^T»-o»«S3 0 i© + y y -tb^icgfju^n^o 

»4B107*d 7 ^El(;^$n5 0 D O 1 iilg — 

do 1 = - 9 = k?} ? - ? / (2-i/z) 



+ Q1 (1-1/z) / (2-1/0 
D i 2 - (A^f-^-DOl) / ( 1 - 1 / « ) 

d o 2 iw^-r *_tge£ rata* 92:1*, 

D02=Di2/(2-l/z) + Q2 

/ ( 2 - 1 / z ) 

D i 2©*:aD<0£S&*ftAt. »:l:DO lOfcAcftS 
*ftA*£ <t. 

D02»A^f-^/ { (2-1/1) > 
+ Q2 / (2-1/z) - A?J^- 9 / 

< ( 2 - 1 / z ) 2 (1-1/z)) -Ql/(2-l./ 
z) » 

DO 3-D 0 2 (l-l/z>*>-3 
UB^^- *-D01+D03 
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= A^ff 3 - * { (3-2 • 1/z) / (2 - 
1/z) 2 ) +Q1 (<l-l/z)*/C2-l/z> 
2 } + Q 2 {(l-l/z) 2 /(2-i/z)} 

■v* ti*r*> »*R3afc*fcKIE*i{fc£ nfcSSCftT* * ) „ 

Mag. (Hifl^-^/Aa-r-*) 

- (13 -12cos(PI»v)) 1/2 / 
(5-4cob(PI*v)) 
Mag. (tfc^J 7*— £ / Q 1 ) 

= (2-2cos(PI>v))/ 

(5-4coa (Pit v)) 
Mas. (tH^x- */Q 2) 

«(2-2cos(PI*v))/ 

( 5 - 4 c o 9 ( P I * v ) ) 1/2 

# feti <Dft»»T ICS li 4 0 d b /d e c a d e 1?* * „ CO 



S»<&#«D£SFf*. *«8«ffla*20db/de ca d 

cf£Lfcfcoi:tt4 0 ins («(*) (i*sa^»*4, 6 

Ki*ifc<D*»»tt .( I - 1 / z ) o(i-l) IS<fc?**&££tL 

a o 

1 9 8 5^3^ftfT"0 IEEE "Transact! 
ons on Communications" Vo 
I. Com. 33 No. 3 O 2 4 9 X* & 2 5 8 X K 
E«CDJames C. Candy ic J: >> M^t 3 *t fc fit 

^ rv/^^^^^scw^tit-s-aai^TCDffiffij ic *> 

^-^•^/v (A/D) ^nei^i^^^^fttt-e 

wnc A/Dge«sosai*jBJ6RLr flisa •> 

ai5Ei<Drp^^iajca^*n* 

r + a y ^&tzwi& lx&z ? v ? ^mJiizm 

n^A/D«*g->^^f^^a;S8Sg«'^ttNO->>*-^ 



*nii vi) ai^{bdn^-f , -^^^*T ! *7 i ^^t$n 

D0= (1/z) DI+Q (1-1/z) 

c<o«^:±-? ; -^iij^*<i^o.>r^fflray'7^*ci^ico 

Ca nd y (±*fc»7HK*Sn«Ji^tt2«ftiatt 
L % DO = (1/z) DI+Q (1-1/z) 2 ilO 
fc»«lfe**r** 2 ft© •> r^r -T^^gEBSS A / Dffift 



«!H CD 3 1 ^ S ft Ji » «ft * ? * y hO'l^tt* 
±*<D g W&tf ftb<D gtttt. Sa-OttgeDfcTv hiLT 

* Iti^OltthM- (MSB) ©^O^S6^a6^n^ 

»5HttD/A&S8K£^TWttT**il7£©iifc<o 
»7BIiiD/Affi»gl;ijirW«1^2^©'>/7f^ 
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SB 9 ElttSB 8 BJ<3i£g{f #»N<3 > > Hr if 4 if© 

* 1 0Eni#9H<Z>i'>**'<1ff8'rS'* ;HB«D fvv 

*ia-cfc^T. *&*fl*<5eE-*-* tor * 

3* 1 1 DB t± Sff 1 OK^^^^W^fett^a^cDU -y^ 

(^;I/*T* * A U- ^jr-r 
•> r -7 ^ * I* Jifc 1= 43 ^ * 'J y -f H t tL U y v * £ n & 

G S - a y ;<7V 9 ^&»«8£ •> x -r A ii « 

3tl«t5GMSK$a4«ffit5. »S#Mc 12 I — Q 



*n^ati»c0fi£$tL/r i <t q />• ^ * k * *i * „ 

;l/f-7^-ai»l/-^) i/**-?-?^* *> ^-tr if >f +f 

d<*£iH-et*ffiffiSn3c, ««CWLT, >< V«rif Yif <i 
igra£ft*^*f f -*X^-A*#»N©->>-ferif'<if 

m\t, cms K«&»m^<&fcfcK3?*3n*»raerjtt^ 

BtfeX ^ 'J 7^(3^^IB«t * fettle D/ A ©ffljE*«S= 



till? y T $ tttzfrm*irnfr<0¥m&t>* 9&^Oi5ffl«c 
fw*S5Bfl K*3i>T -5 - i*«T S -So 

^aBJ^teffl**-^-?* 8 S3 cd ^ a 

> >-tr^-< if 8 0 3 tcgiflDS nififfSf f r «-%^^-5o 

•> >-tif y if cd* #><»mi&&&:7t is r-vr >v ?$tmmv>te 

Z C -Cli P L L •> >Hr if if P*3 n« 

tt*. ^^lif-^A^J (DATA I N) 
J3cNC0^>-feif^1f^/X-5 o 

^ »ioia*»ffit4i, o, ooo. o 



0 0) K^L^taJ*&J£D£W**2»:(2!S<3»«&) 
V •y"^;W©->r-e-7 i ^^^55Scr)fci6©^a^ ? K *< *k £ 
ft«„ »-fflIlgl0 0 1U, 27tf»hSD»«100 
3i:^t4 4 \£ v hCDjRTtt^y h (LSB) £ LtiSS 
tefi»<7)ftjaiS6®809 ^*>24br-y hA73*£l+Afts * 

0 3 y h©7^-K^7^b'7 h fi 3 h ©«±{flr fcf 
* b (MSB) iLTA^ltioJDlS 1 0 0 3 ( 2 7 b' 
v hg) ^^m^ttf-^J'/f 1 00 7 «:A^t«o 
C <Bfl|fiJttf ^ ^i?^^IHrt©ifcttfl>*A**©ai^r*£fei^T 
*T*>ft. 4>flBftHll:*^Tttff 4>«i« t» <fc ^ -5 
N©&i£^fca<cft#{£ffli*ft*:«f£, PI;ttf /*x *j 

f-^^yf 1 0 0 7 ^bcm^jli, #S8a<A7j<0# 
^<a«^er> 6 c £ * WTteicf 5 fc*i><Cfto1*3S 

1 0 0 3<ifS^* ifc, JmJSSl 0 0 3 £ co ffc 77 
tf 3 bT h«DMSBi24e7 h©LS Bi:^S1?n> St 

2 4 fc* * KQLSBtt*2^*«81 0 1 0 
09li*S&*tt*o 3t'.yh«iMSB«3h-y^Jii»Sl 

0 1 3 l;*5V'T7 w - K'< ? 9 3 fcf -y h M S B KJ&D#* ft, 

c tfito#S# 1 0 0 9 $ ft .£<, 

SI 0 1 l^£««#£ft*;7 b* h & 77 tf , An * 8 1 0 

0 9 £> &|fri< - 2 D J: *3 *> /J> £ i**^ - D i: 0 t>^$l^, 

+ D J; t> 4>* * HA** ifcU+2D«t*) 

ft-C* 4 * C i IC i -j T3H^f*£<* 3 hT v htfi 
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loncfi&jns, 7^-h''<^s6iioi7^?, 

S>3 t'-y KOMS Bfcb77G>*;&<*r »J - 7 -7 hi L T JB & 
&#«3ll 0 3ic«^$ft5d < h l z«A<ft< C <fc tf SET 

1 7 * & 1 0 0 1 Vl& 3 fcf v h JiaJ* & 1 0 1 

3 7 * - K'< y 9 * ft 3 o < IT»7 B<:^^ $ ft $ 
J:-7ttZ£&*f^*W**2;&a&B->^7*/L^&^ 

ffl£ft* ( 2 fi J: 9 fc £^*«S**3£ra<0l§H?i::»«* 
^^.*^t<£L^{gffl-rs^<bA<T*-5lTftt't>) 0 > 

aEWS^^yU-r-7h«0^*<*»B^ic4S^Tffiffldft 

ili««O^N &tf»tt*, d W«&©rtfiiJ« 
3f tf - ( L + 1 , * Dtf (L+l) * D CDM«ISBl- {ft 
(fit, a L L tt»8m<Z><B&-C* D(i^§-eA5o * 
&©*«8©tfc:fla<*^{fc»0«£^ L *fc*i*ft 

<t3£<Dte© 2 fejL K> fc* £ ^ £ tf, 4- y 'J - 11 2 te<z 

4 /rti^ws* 2 mm*** c ftu*fliso[)dai«^ 



pacE>©» x *> *ftics?L^* £tf. a? 

it* + «j -#K«^F{fcS#iPa*fiM+*: t> e>-c* *«, ) 

^SS^7 , oy7i»5HHtti:fc^-C, 2 (L + l) «s« 
•> r'J ^ r;l/J «^TF*3^<7>S81SS 10 0 

l&tfi o i i *f»»-r * ^ t***^*«*«Lv»f- 

^ ft tf ^ 1% „ »1 OEW^^^fyV^^aN©^^-!: 
l>--r-»fc7>^i?^;^««OfcK6(D2^o , J * 7*;i.f as© 2 ^ 
jfiBJa^mi 1 £3 J* ^ 2 ft * o *%B3©I5 

WLtfcilS 5>«tNco ^^©3tJ6® 2 7 / ftfc 
ft Z a 

ffl ^ ft ^ nzkcd 7 ^ ^ £ ft *v 7 s /v* asrasti. N ^ 

SBfliw *i it 4 JH«3 7<* ££tiH+fcaJ;>J«'38~s>*8IS 
0»n)|CA73^ -7 * - K'< y ^ ^- .5 fl^4r ic X -> T, N<^*« 



33 © So Jf A 77 A* CN-1) ^cOJSO^S ^ "5 

v v ^^ftttl^r^^^^gCW^Jw^tUra^lEcOi: 
r> IZ , ««ggc?)«®« + /- (L + l) * DT*»), 

(* 9 ai^^t * ft* «t *> *aB^o^s:«a^->r^ 

98 0 9 >^^«q»©^^2 4 L S B G>fft<D 1 

6LSBiLT^JttJ*ft*o GSMi/XxAlcfc^Tr*- 
^U-hli 2 7 0. 8 3 3 3 3 kb-C*»3, BTIH0. 
3-C**o C©*S*. P L L *«3ET?ifflj& L it 

fttf ^^Cl>**J 8 1 kHz OSaft»[(wtt 5 a 

G M S K{g**<D%m<Z>m&tk* 7* v hfiK5>fi % 10H 
z ^^^70kHriSOlBiai:ffiIti o lOH^H 

rs» hTtt J? ft tf f X & ti^o 

-fe y h*i, ^-7*7^^0^7 ^7J:*) fc+5rlcT-C 

*4 e e«o -c p l l 1* tzibtzmxm&vuzr * 



K#«*ffc ci^»o^»ffl»©^«^«) *mm-t z z. tit 
am* * -7 7^«^a<;i'-y©R«aiiai$tto 3 f 

n*. f^A« 9 0 0 A<-JSl*»IUJ©filJKl!*»* 1 Kit 

mtai'*mzs vcoioio-?<5iii^'<^xij<aifta 
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(2 n/a Nl ) ♦ c (n) 
c (n) I**?** hHttSkfc:*!* *J 9 



c(n)=2/NZ Ci) [cos (2ni/N) 

-j s I n ( 2 n 1 /N) ] 



?3liVC01 0 l©tt1»A7Jfc*ttt5, VCOIOIO 
Ve-(2nK*|c(n) IfFCw) H /NL 

C(D»J|ttflKliVC0 1 0 1 *-tfc© J: 9l^^'J7Xl« 
$ * *o 

f im> (t) = {2 * K * K » ) /N L • 

I F (u) llc(ii) |C08 (<uot) 



f tpir (t) = [ (2irK*Kf > /Nl * 

I F («) }|c(n) Icos («B t)]/ 
[1+{K0Kf I F (w) M / U« NL ) ] 

0 = / f ipur < t ) dt 

$/2 = C jt K * K f / (N L <om ) - 

1 F (<u) I | c (n) I) / 

[ 1 + (K K f I F (<b) !}/ 
(oil NL}] 

/5/2- 2^r lcCn)| 



4^< LT, & x ^ 'J X x##*<'h $ ttffiK t£ 5 J: •? ic % 
Hf/? ;HB 9 0 0O7-U Jc*£#A<f|i £ ft* * £ tf, 
toffio-y ? /i — ^ co tH li 4^ *) T x<&* i>-r 

it*5^ * * ;u« 9 0 0 lia^batt^ e*t L T&tt 

»j&< rxi/Kj^ftffin^ ^ <D *g & #J RR » u 

L u^I^tlis & «g 4ft £S gg 1.0 7!: 

J;,tiftl6^fc26MHiT^»U # » <b ii 3 
» C 2 2 < = 1 6 . 777. 2 1 6 ) Ciotff*>^4 9 
© x rf H 7 xfg^li, 1. 5 4 9 7 2 ^^7(0An 

ft lift 6 . 5MHz|:4l;4 0 ^ftfkfct L 
fy^H« 9 0 0 ©««Sifi<&tt*ffiM L tx r y r x 
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0 k H z rtGMSKd^lcitLTt'-^ttTSS, f£ 
(RMS) T?3. 5KOfflffl^S*4U fl »te*SSI 

*ftfcift?#©^ < fcira-?* 5?«&flt3, 5*tt£v> 

»*StDTffi t--r h (LSB) *-tr * h^4CiCJ;^T 
B5 <* C £ £ * o — m Ht, lft>* 1 / 4 <h 

SSli, 6. 5 MH zc&ffiS3&&tfB)Jt$99&l'4atf2x:7 | J 

^»<t«±x-r «j rxfir^* i h z cofci&izm-r 4. 

194. 305/16. 777. 2 1 6i:ttS. C © # & 
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